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Abstrat
We report the results of a double-slit-like experiment in the infrared range, whih evidene an anomalous
behaviour of photon systems under partiular (energy and spae) onstraints. The statistial analysis of these
outomes (independently onrmed by rossing photon beam experiments in both the optial and the mirowave
range) shows a signiant departure from the preditions of both lassial and quantum eletrodynamis.
1 Introdution
In the last years we arried out two optial experiments of the double-slit type, aimed at searhing for a possible
anomalous photon behavior, whih provided strong lues for a disrepany with the preditions of lassial and/or
quantum eletrodynami
(1−4)
. They originated from an analysis
(5,6)
of the Cologne
(7)
and Florene
(8)
mirowave
experiments, whih evidened propagation of eletromagneti evanesent waves at superluminal speed. Superlumi-
nality is naturally assoiated to a breakdown of loal Lorentz invariane (LLI), and therefore to a possible anomalous
photon behavior. If evanesent waves are identied with virtual photons
(9)
, suh anomalies are expeted to our
within a length sale of the order of the near eld size. The analysis of ref.[5℄ showed that the eletromagneti break-
down of LLI related to superluminal propagation of evanesent waves exhibits a threshold behavior both in energy
(E0,em ≃4.5µV ) and in spae (ℓ ≃9 cm) (in the sense that it is expeted to our at energies and distanes lower
than the threshold values)
1
. A repetition of those interferene-like experiments with a large statistis in 2005-2006
allowed us to get a denite evidene for a photon behavior ontraditing standard eletrodynamis, under suitable
spae and energy onstraints.
2 Experimental setup
All the experiments were arried out at the miroeletronis laboratory of L'Aquila University. The apparatus
employed (shematially depited in Fig.1) onsisted of a Plexiglas box with wooden base and lid.
The box (thoroughly sreened from those frequenies suseptible of aeting the measurements) ontained
two idential infrared (IR) LEDs, as (inoherent) soures of light, and three idential detetors (A, B, C). In all
experiments the LEDS were of the kind High Speed Infrared Emitter AlGaAs (HIRL 5010, Hero Eletronis Ltd.),
with emission peak at 850 nm and angular aperture of 20◦.The two soures S1, S2 were plaed in front of a sreen
with three irular apertures F1, F2, F3 on it. The apertures F1 and F3 were lined up with the two LEDs A and
1
More details about the onnetion between superluminality and LLI breakdown an be found in refs.[5,6℄.
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Figure 1: Above view of the experimental apparatus used in the rst double-slit experiment.
C respetively, so that eah IR beam propagated perpendiularly through eah of them. The geometry of this
equipment was designed so that no photon ould pass through aperture F2 on the sreen. Let us stress that the
apparatus was sized aording to the analysis
(5)
of the superluminal propagation experiments [7,8℄. In partiular,
the dotted line S in Fig.1 orresponds to the horizontal distane between the planes of the horn antennas in the
Florene experiment
2
.
The wavelength of the two photon soures was λ = 8.5×10−5 cm. The apertures were irular, with a diameter
of 0.5 cm, muh larger than λ. We worked therefore in absene of single-slit (Fresnel) diration. However, the
Fraunhofer diration was still present, and its eets have been taken into aount in the bakground measurement.
Detetor C was xed in front of the soure S2; detetors A and B were plaed on a ommon vertial panel (see
Fig.1).
Let us highlight the role played by the three detetors. Detetor C destroyed the eigenstates of the photons
emitted by S2. Detetor B ensured that no photon passed through the aperture F2. Finally, detetor A measured
the photon signal from the soure S1.
In summary, detetors B and C played a ontrolling role and ensured that no spurious and instrumental eets
ould be mistaken for the anomalous eet whih had to be revealed on detetor A. The design of the box and
the measurement proedure were oneived so that detetor A was not inuened by the soure S2 aording to
the known and oially aepted laws of physis governing eletromagneti phenomena: lassial and/or quantum
eletrodynamis. In other words, with regards to detetor A, all went as if the soure S2 would not be there at all
or be always kept turned o.
In essene, the experiments just onsisted in the measurement of the signal of detetor A (aligned with the
soure S1) in two dierent states of soure lighting. Preisely, a single measurement on detetor A onsisted of two
steps:
1) Sampling measurement of the signal on A with soure S1 swithed on and soure S2 o;
2) Sampling measurement of the signal on A with both soures S1 and S2 on.
As already stressed, due to the geometry of the apparatus, no dierene in signal on A between these two soure
states ought to be observed, aording to either lassial or quantum eletrodynamis. If A(S1i S2k) (i, k = on, off)
denotes the value of the signal on A when soure S1 is in the lighting state i and S2 in the state k, a possible non-zero
dierene ∆A = A(S1on S2off) − A(S1on S2on) in the signal measured by A when soure S2 was o or on (and
the signal in B was stritly null) has to be onsidered evidene for the searhed anomalous eet.
Let us expliitly notie that the geometry of the box was ritial in order to reveal the anomalous photon
behavior.
2
In this onnetion, let us notie that the dotted line S in Fig.1 is a mere geometrial one, and does not represent any physial
trajetory of photons emitted by the soure S2, sine the aperture F2 was well outside the emission one of S2.
2
3 The rst two experiments
The main dierene between the rst two experiments was in the nature of the detetors A, B, C, whih were
photodiodes in the former ase
(1,2)
and phototransistors (of the type with a onvergent lens) in the latter
(3,4)
(see
refs.[1-4℄ for tehnial details). Moreover, in the seond experiment a right-to-left inversion was made along the
bigger side of the box. Thus, it was possible to study how the phenomenon hanges under a spatial parity inversion
and for a dierent type of detetor. In the rst experiment the plane ontaining the detetors A, B was movable (the
distane was varied by steps of 1 cm on the whole range of 10 cm). This allowed us to study how the phenomenon
hanges with distane from the soures.
The outomes of the rst experiment were positive, namely the dierenes ∆A between the measured signals on
detetor A in the two onditions were dierent from zero. Moreover, the phenomenon obeyed the threshold behavior
predited by the analysis [5℄ of the Cologne and Florene experiments. In partiular, ∆A ranged from (2.2±0.4)µV
to (2.3±0.5)µV , values well below the threshold energy E0,em= 4.5µV , and the anomalous eet was observed
within a distane of at most 4 cm from the soures. The dependene of the phenomenon on the detetor-soure
distane highlights further the ritial role of the geometry of the box in the detetion of the phenomenon.
We an onsider suh an eet as the onsequene of a hidden (or virtual) interferene between the photon
beams of the two soures. This must be meant in the sense that something like a "virtual sreening" ourred,
whih modied the photon-photon ross setion thus produing a hange in the number of photons deteted by A
("shadow of light")
3
.
The results of the seond experiment onrmed those of the rst one. The value of the dierene measured on
detetor A was (0.008±0.003)µV , whih is onsistent, within the error, with the dierene ∆A ≃ 2.3 µV measured
in the rst experiment, provided that the unlike eienies of the phototransistors with respet to those of the
photodiodes are taken into aount.
4
The onsisteny between the results of the rst two experiments shows apparently that the eet is not aeted
by the parity of the equipment and by the type of detetor used (at least for photodiodes and phototransistors).
Furthermore, a dierent time proedure to sample the signals on the detetors was used in the two experiments.
We indeed realized that the sampling time proedure was apparently ruial in order to observe the anomalous
interferene eet. This is due to the fat that the phenomenon has a peuliar time struture that makes the
sampling proedure ritial
(3)
. Therefore, in order to optimize the performane of the eet detetion for dierent
detetors, statistis being equal, it was neessary to suitably hange the time sampling. This latter onsisted of
two time steps, namely the waiting time tw (dened as the time interval between the lighting of the soure(s) and
the start of the sampling on the detetors), and the measurement time tm, i.e. the atual interval during whih
measurements were taken. In the rst experiment, it was tw=60 s and tm was determined manually, whereas in the
seond one it was tw = 1s and tm =5 s. Then, it turned out that there was apparently a sort of unavoidable bond
between detetor and sampling-time proedure, to be taken into aount in order to reveal the eet.
We stress that the results of the double-slit experiments have been independently supported by experiments
with orthogonal rossing photon beams, in whih similar anomalous eets have been observed. We refer to two
interferene experiments (arried out after our rst one), one with mirowaves emitted by horn antennas, at IFAC
- CNR (Ranfagni and oworkers)
(10,11)
, and the other with infrared CO2 laser beams, at INOA-CNR (Meui and
oworkers)
(3,12)
.
4 Third experiment
The third experiment was planned and arried out in order to obtain a further evidene of the observed eet, by
larifying some of its features. In order to test the apparent bond between detetors and sampling time proedures,
the experiment was arried out by means of the box with photodiodes but using the sampling-time proedure
adopted with phototransistors (namely tw= 1 s and tm = 5 s). Our aim was just to put ourselves in the worst
possible situation with respet to the eet detetion.
Let us note that the photodiodes used as detetors in the rst and third experiment were integrated to a
transimpedane amplier type OPT301 of Burr-Brown (registered Trade Mark), transduing the photourrent
3
A more detailed disussion of this "shadow of light! and its possible interpretation an be found in refs.[2-4℄.
4
One an dene the relative geometrial eieny ηg of the phototransistor (with respet to the photodiode) as the ratio of their
respetive sensitive areas, and their relative time eieny ηt as the ratio of their respetive detetion times. Then, one an dene
the relative total eieny ηT of the phototransistor with respet to the photodiode as the produt ηT=ηgηt . From the values of
ηg and ηt in this ase, one gets
(3) ηT=0.0015. Therefore, it was reasonable to foresee that the value of the expeted phenomenon in
the seond experiment to be given by the produt of the total relative eieny times the value measured in the rst experiment, i.e.
ηT [(2.3± 0.5)µV ]=(0.004 ± 0.001)µV , in agreement with the experimental result.
3
Figure 2: Value of the dierenes ∆A of signal sampled on detetor A for the two lighting states of the soures S 1
on, S 2 o, and S 1 on, S 2 on (third experiment). The dierenes are learly inompatible with zero.
signal into a voltage signal. Suh a voltage, measured by means of a multimeter 34401A of Agilent, did not depend
therefore on the value of the iruit resistanes of the voltage measuring system.
As we shall see, the results of this third experiment were onsistent with those of the two previous ones.
Moreover, the measurements were repeated several times over a whole period of four months, in order to ollet a
fairly large amount of samples and hene have a signiant statistial reproduibility of the results. Thanks to this
large quantity of data, it was possible to study the distribution of the dierenes of signals on detetor A, whih is
shown in Fig. 2. For larity's sake, we reported only the dierenes ∆A outside the interval [−1, 1], whih is the
interval of ompatibility with zero of the values of ∆A. The data of the single measurements have been suitably
treated in order to get rid of the instrumental drift.
We want now to show that a more detailed analysis of the measurements of the third experiment are just in
favour of the anomalous interferene observed as signature of a possible violation of eletrodynamis.
This is easy to realize, by noting that the distribution of the results of the third experiment (reported in
Fig.2) is unmistakably dierent from that expeted from the theoretial preditions of both quantum and lassial
eletrodynamis.
In this onnetion, let us reall that Fig.2 shows the signal dierenes measured on A in orrespondene to the
two dierent states of lighting of the soure S2, ∆A = A(S1on S2off)−A(S1on S2on). For omparison, we report
in Fig.3 the dierenes of the two values sampled on A in the same lighting ondition of the soures, i.e. with both
soures turned on: ∆A′ = A(S1on S2on)−A(S1on S2on). For larity's sake, we show only the dierenes inside the
null interval [−1, 1]. There is no surprise in observing that the dierenes ∆A′ are almost evenly distributed around
zero, sine the subtrated values belong to the same population. However, by the very design of the experimental
box, aording to either lassial or quantum eletrodynamis detetor A had not to be aeted by the state of
lighting of the soure S2. Hene, one would expet that the mean value of the dierenes ∆A (orresponding to
the two dierent lighting states of the soure S2) was zero and that these dierenes were uniformly distributed
around it. In other words, one would expet to nd roughly the same number of positive and negative dierenes,
and therefore that both Fig.2 and Fig.3 displayed two ompatible distributions of dierenes evenly sattered aross
zero. On the ontrary, the dierenes ∆A in Fig.2 are not uniformly distributed around zero but are markedly shifted
upward (as ompared to those in Fig. 3), and hene the number of positive dierenes is larger than the negative
ones. This upward shift means that A(S1on S2off) > A(S1on S2on), and hene that the signal on detetor A is
lower when both of the inoherent soures are on
5
. Of ourse, the inoherene of soures exludes the possibility
that the signal lowering ould be due to destrutive interferene. We an onlude that distribution 3 is ompatible
5
Atually, due to the very operation of the used photodiodes, detetor A measured a lower number of photons when the number of
photons in the box was higher.
4
Figure 3: Values of the dierenes ∆A′ of signal sampled on detetor A with both soures on (third experiment).
The dierenes are learly ompatible with zero.
with zero (as it must be), whereas distribution 2 is not, at variane with the preditions of either lassial and
quantum eletrodynamis.
In order to further enfore the evidene for the dierene of the two physial situations orresponding to Figs.2
and 3, we arried out a statistial analysis of the results found in the two ases (only the dierenes outside the
interval [−1, 1] have been onsidered), by taking into aount the instrumental drift. The Gaussian urves obtained
are shown in Fig.4. The dashed, red urve refers to the signal dierenes ∆A = A(S1on S2off) − A(S1on S2on),
whereas the solid, blue one to ∆A′ = A(S1on S2on) − A(S1on S2on). The two urves dier by 3.82 σ, learly
showing that the two ases are statistially distint, the latter one representing a mere utuation (unlike the
former). Furthermore, the mean value orresponding to the Gaussian of the dierenes ∆A is ∆A = 2.41 µeV , a
value in full agreement with the results of the rst two experiments
(1−4)
.
As a further hek, we arried out an analysis of the data of the third experiment by onstraining the instrumental
drift to be a onstant. As is well known, suh a proedure makes the observed eet to disappear if it is a mere
instrumental one. On the ontrary, suh a strong onstraint did not aet the set of data, whih remains statistially
signiant. This means that the observed anomalous interferene has not an instrumental origin.
We an therefore onlude that the results obtained on the anomalous behavior of photon systems  apparently
at variane with usual (lassial and quantum) eletrodynamis  bring to light a more omplex physis of the
eletromagneti interation, whih alls for a ritial reexamination of standard eletrodynamis and quantum
mehanis
(4)
.
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Figure 4: Gaussian urves (normal frequeny vs. signal dierene in µV ) for the signal dierenes ∆A and ∆A′on
detetor A for the two ases of soure S 2 o and on (dashed and solid urve, respetively). The instrumental drift
has been taken into aount. It is ∆A=2.411 (σ=0.601); ∆A′=0.116 (σ=0.602).
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